SYNOPSIS Sera left overnight in plastic AutoAnalyzer sample cups may give low calcium values; the effect is attributed to adsorption of calcium onto the walls of the vessel. The adsorption is brought about by a rise in the pH of the sera, and factors which promote the rise in pH increase the adsorption. This phenomenon is of practical importance because as much as 10 % of the calcium in the serum may be adsorbed.
SYNOPSIS Sera left overnight in plastic AutoAnalyzer sample cups may give low calcium values; the effect is attributed to adsorption of calcium onto the walls of the vessel. The adsorption is brought about by a rise in the pH of the sera, and factors which promote the rise in pH increase the adsorption. This phenomenon is of practical importance because as much as 10 % of the calcium in the serum may be adsorbed.
Adsorption occurs particularly onto the walls of polystyrene cups, and when polypropylene cups were used the adsorption was reduced.
The phenomenon cannot be evaluated or controlled by the use of control sera. In order to avoid the sampling error, serum for calcium analysis should be used fresh or stored at 4°C under conditions such that any change in pH is minimal. Sera should not be left to stand in AutoAnalyzer cups at room temperature for longer than three hours before analysis. Varley (1967) stated that from time to time several AutoAnalyzer techniques for serum calcium gave falsely low values. After the routine introduction of the Technicon N-3A methodology for serum calcium into our laboratory, it was discovered that daily mean values for serum calcium were, on occasion, spuriously low, confirming Varley's findings. After many preliminary experiments the error was identified as one of sampling.
It was found that under certain conditions low results were obtained in sera which had been left to stand in the plastic sample cups normally used in the AutoAnalyzer. Hill (1965) lead to an increase in serum calcium levels because of the evaporation which occurs even at normal temperature, and as the phenomenon observed was a reduction in serum calcium levels on storage, the actual reduction in serum could be even higher than that observed. Experiments using various methods of storing the sera overnight showed that evaporation, even when the cup was covered by a glass plate,-could be as high as 16%. However, the phenomenon, although generally associated with evaporation, was not dependent on it, because a fall in calcium level could be shown to occur, in certain circumstances, when the evaporation was less than 3 %. This was accomplished by using a loosely fitting plastic cap on the sample cups.
The following experiment indicated that the 'lost' calcium could be eluted from the walls of the plastic cup. The sampling error was allowed to occur in 18 different specimens of sera, while standing overnight, during which time the pH rose due to a loss of CO. Analysis was perforrmed before and after the loss of calcium. The mean serum calcium level before standing was 103 mg/100 ml. After overnight standing and increase in pH the mean serum calcium adjusted for approximately 2% evaporation was 9-5 mg/100 ml, a loss of 0-8 mg/100 ml. Each cup contained exactly l 0 ml of serum before standing overnight. After analysis the next morning, the cups were aspirated dry and the serum was replaced by exactly l 0 ml of an acid standard calcium solution, containing 10 mg/ 100 ml calcium and with apH below 2-0. Analysis of this calcium standard for each cup then gave a mean analysis of 10-5 mg/100 ml. This indicates that the standard eluted the equivalent of 0-5 mg/l00 ml of calcium from the walls of the cup. Cups used to store 18 specimens of serum in a manner that prevented a rise of pH did not increase the calcium content of the standard solution.
This technique of elution was used to investigate the effects of various factors on the phenomenon in preference to measuring the fall in calcium level of stored serum and correcting for evaporation. In Tables II, III , and IV the amount adsorbed from the sera in mg/100 ml is described as the calculated reduction in serum calcium. Three different sera were used in these experiments but the same serum was used throughout one experiment. In all three experiments the serum calcium levels were originally within the range 9-0-10-0 mg/100 ml. If the temperature, time, and volume in the cup were varied they had no influence on the sampling error, provided the pH remained at the low figure usually found on a fresh specimen.
A method of storage which preserved the pH of specimens at 7-6 ensured that a result not significantly different from that found on fresh serum could be obtained. The most effective way of ensuring this was to store sera in containers with tightly fitting caps. Table V shows the results on sera stored in this way compared with those stored under conditions which allowed thepH to rise. Analyzer sample probe did not result in a high result as the bottom of the cup was sampled. In fact, a constant result was obtained throughout aspiration.
CONFIRMATION OF THE EFFECT AS A TRUE 'SAMPLING ERRORS
The experimental work so far described was performed by an AutoAnalyzer technique.
In order to confirm that the effect observed was a true 'sampling error', the EDTA microtitration technique was used to analyse serum set to stand overnight. As the pH of serum rises, the amount of ionized calcium in the serum will fall (Katz and Klotz, 1953) If stored in AutoAnalyzer cups, at least 0-6 ml of serum should be placed in the cup which must be firmly capped and stored at 4°C. The sera should not be removed from the refrigerator until just before analysis.
